To judge whether and how the character of the visual stimulus and type of cognitive task aff ects brain eventrelated potentials (ERPs).
INTRODUCTION
Event-related potentials (ERPs) are currently considered a good tool for the study of diff erent aspects of language processing and comprehension (see e.g. 16, 37, 41 ). Their analysis also contributes signifi cantly to knowledge of neural processes that underlie a highly specifi c skill in humans 20, 37 , the visual analysis of faces 1, 4, 5, 12, 18, 19, 21, 24, 25, 27, 32, 40, 43, 47 or the processing of emotional stimuli 13, 15, 26, 36, 28, 44, 45 . Therefore, it is not surprising that the recording and analysis of ERPs aff ect all areas of cognitive neurosciences.
In our recent study 38 we used the ERP technique to analyze the impact of an instant cognitive activity (selection of two identical pictures in a group of similar pictures) on the behaviour of ERPs to visual stimuli (drawing of living creatures or common objects). The dynamics of the spontaneous EEG was also observed 39 . It was shown that the cognitive processes underlying successful selection of two identical pictures from a group of similar ones aff ected both the amplitude N160 and N340 ERPs components and the characteristics of the event-related desynchronization.
Taking into account the fi ndings we decided to carry out an experiment with the aim of judging whether and how the character of the visual stimulus and the type of cognitive task can aff ect brain potentials or activity of other functional systems. Therefore, special attention was paid to: (a) the dynamics of ERPs components, (b) the character of an ongoing EEG activity and (c) some autonomic (heart rate) and metabolic parameters (minute ventilation, oxygen consumption and carbon dioxide production).
Answer to these questions will be given in several presentations. This project seeks an answer to the fi rst question.
METHODS

Subjects
Fifteen right-handed female students from the Medical Faculty of Palacký University in Olomouc participated in the experiment. Records of only 12 were analysed -one female stopped the experiment at her own request and two subjects were discarded because of a high artefact rate. All students were twenty-one-year old and they reported taking no medication and had no history of neurological, opthalmological or systemic disease. Their vision was normal or corrected to normal. Written informed consent was obtained from all participants prior to the start of the experiment.
Stimuli
Three types of 3500 ms long visual stimuli were used to test electrophysiological correlates of participants' cogni-tive activity. The fi rst type of stimuli (white blank oval on a dark background) constituted the reference stimuli and their presentation did not require any cognitive activity on the part of the subject. The other two types (unfolded cube and the net of sixteen small squares) represented the test stimuli the presentation of which was followed by specifi c cognitive and motor activity. The test stimuli appeared in fi fteen variants of which seven formed the unfolded cube (left half of Figure 1 ) and the remaining eight on the net of squares (right half of Figure 1 ). The graphic images for all variants of test stimuli were taken from the book of Carter and Russell
.
A balanced 15 × 15 Latin square design was used to arrange blocks of test stimuli into an experimental sequence. The fi fteen experimental sequences were created altogether -one sequence for each of participant. Each of the fi fteen sequences contained fi fteen blocks of test stimuli (unfolded cube seven times, net of squares eight times), fi fteen blocks of reference stimuli (white blank oval on a dark background) and fi fteen warning stimuli (fi ve asterisks in a white oval on black background) preceding each block of stimuli. The number of stimuli in blocks was as follows: each test block contained 160 stimuli, each reference block only 10 stimuli.
Besides fi fteen experimental sequences, one practice sequence was created. However, this contained only one block of reference visual stimuli and one block of 100 test stimuli (cube and net of squares -fi fty times each), which did not belong to any of experimental sequences.
Presentation of stimuli
SciWorks Version 5, Experimenter's WorkBench 32 Data Acquisition and Experiment Control Software (DataWave Technologies, Longmont, CO) was used to control stimulus presentation, regulate the timing of events, and record the responses of participants. A photodiode was used to record the moment of a visual stimulus appearing on the screen. Each of the fi fteen volunteers was tested individually in a darkened, sound-attenuated, and electrically shielded room. During the experiment, the participant was seated in a comfortable chair approximately 120 cm in front of the computer screen (SONY, Model: SDM-X72). Sequences of visual stimuli were presented on a computer screen with resolution of 1024 × 768 pixels. A second monitor, located outside the testing room, allowed the experimenter to view the stimulus presented on each trial.
Procedure
The experiment started with the presentation of the practice sequence. After its completion the experimental sequence presentation was begun. At fi rst 3500 ms long warning stimulus appeared on the screen. After 500 ms after its termination, the fi rst picture of a reference block stimuli appeared on the screen. Other pictures (10 in sum) followed the fi rst one with inter-stimulus interval of 500 ms. In 500 ms after the tenth reference stimulus ending ensued further warning stimulus. It signalled the beginning of the presentation of the test block stimuli. The presentation of them (160 in sum) abided by the Fig. 1 . Example of the two types of test visual stimuli used in the experiment to initiate a prearranged cognitive activity -"unfolded cube" signalized the choice of the cube that can be folded up from the unfolded cube, "net of sixteen small squares" the completion of missing part of the fi gure. Graphic images for all variants of test stimuli were taken from the Czech translation of a book by Carter and Russell (2002) and modifi ed. Coloured pictures were presented. Pictorial cognitive task resolution and dynamics of event-related potentials same rules as the presentation stimuli of the reference block. The last stimulus of the test block was followed by a forty-second pause without any visual stimuli. After pause termination, the warning stimulus appeared on the screen again and the described procedure was repeated once more with the next available blocks of reference and test stimuli. The whole experiment lasted approximately two hours.
Before the experiment began, subjects were instructed to restrain from blinking, moving their eyes and swallowing during the presentation of the stimuli. They were also asked to focus on asterisks (warning stimulus) whenever they appear on the screen. Concurrently they were told to modulate their next behaviour according to the character of the visual stimulus that replaced the warning stimulus.
When the warning stimulus replaced the white blank oval on black background (reference stimulus), the subjects merely viewed the stimulus appearing on the screen. On the other hand, when the warning stimulus replaced the test stimulus of whichever block (unfolded cube or net of sixteen small squares), the subjects had to solve the preassigned cognitive task. This means that subjects had to choose which cube from the off er can be folded up from the presented net of a cube (the fi rst cognitive task) or they had to choose the satisfactory item from the off er to replenish the missing part of the fi gure (the second cognitive task). The result of task solving was announced aloud to the experimenter and simultaneously a mouse button was pressed to measure the reaction time. If their choice was correct, the experimenter told them and at the same time asked them to view only the stimuli appearing on the screen without any cognitive activity. If their choice was not correct, they were asked to continue task solving until they were successful.
Data acquisition
EEG was recorded from 9 scalp sites by tin electrodes attached to an elastic cap (Electro-Cap International, Eaton, OH). The electrodes were placed in scalp positions F3/4, CP5/6 (a crossing point between T3/4-P3/4 and C3/4-T5/6), P3/4, O1/2 and Cz. One electrode was also placed at the outer canthus of the right eye to monitor eye movements. Scalp electrodes were referred to linked earlobes. The ground electrode was placed at Fpz. Electrodes impedance was kept below 3 kΩ throughout the experiment.
The EEG signal was amplifi ed by the cascade of two amplifi ers (amplifi ers EKe, OTE Biomedica, Firenze, and Amplifi er Neuralynx, Tucson, Arizona) with bandpass of 0.01-100 Hz and continuously sampled at 256 Hz per channel by an A/D converter; the resolution of the system is 0.122 μV/bit. The digitised records were saved on the hard disk of a computer for later off -line replay and analysis.
After the end of the experiment all participants were administered the Freiburg Personality Inventory (FPI) Pictorial cognitive task resolution and dynamics of event-related potentials (ref. 30 ) in the modifi ed version for Czech and Slovak populations.
Data analysis
SciWorks Version 5, DataWave CP Analysis Module and Data Editing Software were used for off -line analysis of EEG records. The analysis ran as follows: A visual elimination of distorted records, digital fi ltering of records (bandpass 1-30 Hz), cutting fi ltered records for averaging (the start points of the cut segment of EEG records were time-locked to photodiode signal) and detection of ERPs by averaging. Then maximal positive and negative amplitudes from baseline, calculated by software using the fi rst fi ve points of the waveform, were measured in time windows 120-250 ms (N160 and P220) and 250-400 ms (N340 ERPs component). StatSoft software package (StatSoft, Tulsa, OK) was used for statistic processing of the ERPs data.
RESULTS
The presentation of each of the three visual stimuli used in our experiment (white blank oval on a dark background, unfolded cube or net of sixteen small squares) was followed by an event-related potential (ERP) consisting of two negative (N160, N340) and one positive (P220) components. The character of the stimulus did not aff ect the latency of ERPs components but the latency was affected by the site of scalp recording electrode -the latencies were signifi cantly shorter in occipital and parietal scalp sites than in frontal ones. However, the type of visual stimuli or rather the mental activity related to them markedly aff ected the amplitude of all ERPs components.
Functional state of the brain and ERPs amplitude dynamics
The average amplitudes of all visual ERPs components registered during the solution of the fi rst a and the second b cognitive task (upper half of the Figure 2 ) and also in the rest period c (bottom half of the Figure 2 ) diff ered from the average amplitudes of ERPs to reference stimuli. The ERPs component N340 illustrates this explicitly (see the third column in Figure 2 ). In comparison with the reference amplitude (N340_RE), its amplitude was signifi cantly higher during the solution of the fi rst cognitive task (N340_FC) than during the solution of the second one (N340_FS). On the other hand, in the rest period, the average N340 amplitudes to both types of test stimuli were signifi cantly lower than the reference amplitude and they did not show any signifi cant diff erences.
The average amplitudes of N160 and P220 components recorded in our subjects during the mental task solving and in the rest period behaved similarly as N340 a "Choose the cube that can be folded up from the unfolded cube!" b "Complete the missing part of the figure with the appropriate item!" c The period following successful mental task resolution in which presentation of visual stimuli goes on.
amplitudes in the rest period. In contrast to N340, however, the average amplitudes measured during the mental task solving (left and middle graphs in upper half of Figure 2 ) did not reach statistical signifi cance compared with the corresponding reference amplitude. The high variability of N160 and P220 could be the most probable cause. In the rest period (bottom half of Figure 2 ) there were no diff erences between the amplitude behaviour of N340 and the other two ERPs components. The average ERPs amplitude is aff ected not only by the type of a cognitive task but also by the site of the scalp-recording electrode (see Figure 3) . The post hoc comparison of averages (Duncan's test) showed that the reference stimuli (triangles in Figure 3 ) produced ERPs with signifi cantly lower amplitude in sites P3, P4, O1 and O2 than in the rest scalp areas. The amplitudes of ERPs to test stimuli in principle showed similar dynamics though some diff erences appeared (see later). Interesting is also the fi nding that the momentary functional states of the subject's nervous system (solving cognitive tasks or only a passive viewing of visual stimuli without any cognitive activity) did not aff ect the average amplitudes of individual ERPs components to test stimuli (compare the black squares and dots in Figure 3) .
A detailed inspection of the two graphs in the upper line in Figure 3 shows that regardless of the functional state of the subject's brain both test stimuli produced N160 ERPs component in sites CP5, CP6, P3 and P4 with signifi cantly lower amplitude than did the reference stimuli. Similarly behaved also the average amplitude of P220 registered during the rest period (see the middle graph in the right column in Figure 3 ) and with a certain reservation also the average amplitude of N340 -the letter shows signifi cant diff erences only at CP6 and P4 recording sites (see the bottom graph in the right column in Figure 3) .
The average amplitudes of ERPs component P220 and N340 measured during the mental task solving showed a slightly diff erent picture of dependence on the site of recording electrode. Unlike the N160 ERPs component, they reached the highest average amplitude at the O1 recording site during the cognitive task (see the middle and bottom graphs in Figure 3) . Further, the amplitudes of P220 and 340 ERPs components showed other diff erence. The amplitude of both ERPs components at parietal recording sites (CP5 and CP6) depended on the type of the stimulus that elicited them. The average P220 amplitude was signifi cantly lower than the reference amplitude only when the fi rst type of test stimuli (unfolded cube) was presented. The amplitude of N340 showed the same dynamics only if the second type of test stimuli (net of squares) appeared.
Personality traits and amplitude ERPs components
Simple Linear Correlation analysis showed that some subject's personality traits (nervousness -FPI1, spontaneous aggressiveness -FPI2, and emotional lability -N) aff ected the average amplitude of N340 ERPs component in the recovery phase of the experiment. Conversely, the score of FPI2 only did so during the cognitive task resolution period. Amplitudes of the N160 and P220 ERPs components showed no dependence on personality traits of our subjects.
The average amplitude of the N340 ERPs component expressed as percentage of the reference amplitude was the higher, the lower the score each of three FPI parameters was. This means that the average N340 amplitude reached the smallest values in subjects showing an increased excitability of the nervous system (high score of FPI1 and N) and high readiness to admit personal weaknesses, passions and particularly tendencies to aggression (FPI2)
DISCUSSION
The results show that the appearance of the visual stimulus on the screen produced in all our subjects, in each scalp electrode, an event-related potential (ERP) with two negative (N160 and N340) and one positive (P220) components. In principle, the type of the stimulus (white blank oval on a dark background, unfolded cube or net of sixteen small squares) did not aff ect the latency of ERPs components but the site of scalp recording electrode did -latencies were slightly shorter in parietal and occipital brain areas. The latencies of visual ERPs analyzed in our earlier paper 38 showed similar dynamics. In contrast to latencies, however, the type of visual stimulus or rather the mental activity related to it, markedly aff ected the amplitude of all ERPs components.
We also found that cognitive processes underlying the successful solution of two cognitive tasks aff ect diff erently the activity of systems giving rise to visual ERPs. In particular, the amplitude changes of the negative component N340 demonstrated it graphically. The average amplitudes of N340 compared to the reference amplitude were always signifi cantly higher during the fi rst cognitive task solving ("Choose the cube that can be folded up from the unfolded cube!") than during the second cognitive task solution ("Complete the missing part of a fi gure with an appropriate item!").
Why the amplitude N340 behaved as it did, we are unsure. However, some literature data might help us to understand its behaviour.
Barrett and Rugg 3 in an experiment using a relatedness judgment task (subjects determined whether pairs of sequentially presented pictures were semantically associated) observed that a negative ERPs component N300 is sensitive to semantic manipulation -the amplitude of N300 was more negative to non-associated than to associated pictures. McPherson and Holcomb 33 obtained similar results. They demonstrated that in a relatedness judgment task using pictures, the frontally distributed N300 was larger in unrelated than in related pictures.
The results of West et al. 48 are not in confl ict with those listed above. In special experiments (subjects viewed congruous and incongruous picture stories) they showed that the amplitude of the negative ERPs component peaking at ∼325 ms after stimulus onset is sensitive to the global coherence of the fi nal picture with a prior context. A fi nal picture that was incongruous with the context established in the preceding series of pictures elicited a more negative waveform than the fi nal picture that was congruous with the preceding context. According to Kounios 31 , West and Holcomb's results suggest that N300 refl ects a mechanism specialized in processing pictorial or imagistic representations, i.e. it could plausibly refl ect the initial activation of the pictorial or imagistic discourse-level semantic representation.
According to Hamm et al. 22 , the N300 is sensitive to categorical-level mismatches (in their experiments it was elicited only when the mismatch was between categories but not when it was within a category). Thus the N300 probably refl ects early semantic categorization of an object, which occurs prior to the determination of more specifi c identity information. Eddy et al. 17 also state that the anterior negativity (N300) refl ects processing of object-specifi c representations.
For completeness, the fi ndings of Carretié et al. [9] [10] [11] showing that N300 is also an emotion-sensitive ERPs component are relevant. Its amplitude is greater in response to activating positive visual stimuli at frontal sites and for negative ones at parietal sites. The results of Rossignol et al. 42 -N300 is enhanced in amplitude for fearful stimuli, and Schutter el al. 46 -N300 is more negative for the angry facial expression, are not in confl ict with previous fi ndings, either.
The literature shows that that N300 in the exclusively pictorial task is specifi c to the semantic processing of pictures and is not due to linguistic mediation. The N300 is sensitive to semantic rather than physical properties of the picture identifi cation task. It may refl ect the early semantic categorization of object stimuli, which precedes defi nitive identifi cation. Naturally, all of this takes place against a given emotional background which undoubtedly aff ects the momentary activity of the nervous system.
Our data corroborate the latter statement. The analysis revealed that subjects showing increased excitability of the nervous system (a high score of nervousness -FPI1, and emotional lability -N, and readiness to admit personal weaknesses, passions and particularly tendencies to aggression -FPI2) had lower average N340 amplitude.
From the literature, it can be inferred that the greater amplitude of N340 in our experiments during the fi rst cognitive task solving indicates increased activity of brain systems taking part in semantic categorization of the presented visual stimuli. Successful resolution of the fi rst cognitive task was more demanding mentally than the second one.
Our results are not in confl ict with this assumption. We demonstrated that mere passive viewing of both visual stimuli (an unfolded cube and a net of small squares) without any cognitive activity (the rest period of our experiment) is followed by ERPs amplitudes of N340 showing no diff erences. Indirect evidence for our assumption is also provided by the results of Conley et al.
14 , demonstrating that amplitude of slow negative shift (N300-600) Pictorial cognitive task resolution and dynamics of event-related potentials increases linearly with increasing mental load. The same applies Zhou et al. 49 , who showed that, compared to addition and subtraction, multiplication elicited a greater N300 from the frontal electrodes.
The share of frontal and parietal brain areas in the processing of visual information during the cognitive task solving has been repeatedly demonstrated (see e.g. 2, 6, 8, 23, 29, 35 ). The presented fi ndings as well as our earlier results are in agreement. However, only further experiments will increase understanding of the behaviour of electrophysiological correlates related to activity of brain systems participating in pictorial cognitive task solving.
